Atherosclerosis plays an important role in ischemic stroke, and oxidative stress participates in the entire process of atherosclerosis. Glutathione S-transferase (GST) acting with other antioxidant enzymes can eliminate reactive oxygen species and protect cells against oxidative damage. To assess the association of glutathione S-transferase (GSTT1 and GSTM1) gene polymorphisms with ischemic stroke in the Chinese Han population, the present study selected 315 patients with ischemic stroke and 210 healthy controls for comparison. GSTT1 and GSTM1 genotypes were determined using polymerase chain reactions, electrophoresis and imaging analysis. No obvious evidence of GSTT1-null, GSTM1-null and GSTT1/GSTM1-double null genotype distribution differences was found between case and control groups or between genders. Subgroup analysis showed that the risk of stroke was increased when hypertension was accompanied by GSTT1-null (odds ratio (OR) = 2.996, P < 0.001) and GSTM1-null (OR = 3.680, P < 0.001) genotypes; diabetes mellitus was accompanied by GSTT1-null (OR = 1.860, P = 0.031) and GSTM1-null (OR = 2.444, P = 0.002) genotypes, and smokers showed a GSTT1-null genotype (OR = 2.276, P = 0.003). GSTT1-and GSTM1-null genotypes may interact synergistically with hypertension, diabetes mellitus and smoking to increase the incidence risk of ischemic stroke.
INTRODUCTION
Atherosclerosis (AS) is the pathological foundation of ischemic stroke and its promotion is due to structural and functional injury of endothelial cells. Under a normal condition, oxidative and anti-oxidative status is maintained as a balance in the human body. Oxidative stress (OS) appears in situations of excess reactive oxygen species and functional reduction of the anti-oxidative defense system [1] . Free radicals and harmful substances, which are produced during this process, can lead to lipid peroxidation of the cell membrane, damage to proteins and DNA, and acceleration of AS advancement. OS is involved in the development of many diseases including diabetes mellitus, some cancer types and AS [2] . The correlation between glutathione S-transferases (GSTs) and a variety of diseases has been investigated [3] [4] [5] [6] [7] . Evidence [8] [9] [10] indicates that GSTT1 (-) increases the risk of Meningioma and bladder cancer among smokers, and GSTM1 (-) is associated with susceptibility www.nrronline.org to inflammation and smoking-related cancers. Several studies [11] [12] [13] regarding the association of GSTT1-and GSTM1-null genotypes with coronary artery disease have been conducted. Only one study [14] did not discover any apparent differences in GSTT1 and GSTM1 gene polymorphisms between ischemic stroke and control groups of Caucasians. The correlation between GSTT1 and GSTM1 gene polymorphisms, and ischemic stroke remains poorly understood in the Chinese population. In the present study, we investigated GSTT1 and GSTM1 gene polymorphisms to assess their association with ischemic stroke in the Chinese Han population.
RESULTS

General clinical data of subjects
Due to incomplete information and population matching, 10 ischemic stroke patients and 17 controls were excluded. A total of 525 individuals were recruited in the final analysis consisting of 315 ischemic stroke patients and 210 controls. The general clinical features and some stroke risk factors of case and control group subjects are listed in Table 1 .
Differences of age and gender between groups were not significant, which indicated that the included subjects were matched. There were no significant differences in triglycerides and total cholesterol between groups. The case group exhibited a higher level of low-density lipoprotein, and lower levels of high-density lipoprotein than the control group (P < 0.05). As expected, the case group exhibited a greater frequency of hypertension, diabetes mellitus and smokers than the control group (OR > 1, P < 0.05).
GSTT1 and GSTM1 genotype detection PCR and electrophoresis were used for gene amplification and genotyping. The results are shown in Figure 1 .
GSTT1 and GSTM1 genotype frequency distribution of participants
No significant differences were found for each genotype distribution between the two groups ( Table 2) .
Because heterozygous genotypes could not be distinguished from the present genotype in M: Marker (100-600 bp); lanes 1-3 represent sample "a" (GSTM1+/GSTT1+), lanes 4-6 represent sample "b" (GSTM1+/GSTT1-), lanes 7-9 represent sample "c" (GSTM1-/GSTT1+), lanes 10-12 represent sample "d" (GSTM1-/GSTT1-). GSTM1(+) and GSTM1(+/-) were detected as a fragment at 219 bp, CYP1A1 exon7 was the fragment at 312 bp, GSTT1 (+) and GSTT1(+/-) was the fragment at 459 bp; GSTM1 (-) and GSTT1 (-) were detected as no corresponding fragment. GST: Glutathione S-transferase.
Heterozygous deletion and the present genotype could not be distinguished in the electrophoretogram. electrophoreograms, we were unable to determine whether these genotypes were in Hardy-Weinberg equilibrium. Randomization and a large number of subjects were involved in the present research to maintain the equilibrium. Results showed that the frequency of GSTT1 (-) was 51.1% in the case group and 45.2% in the control group, and 52.7% and 52.9% for GSTM1 in case and control groups, respectively. Compared with the control group (24.8%), both null genotypes of GSTT1 and GSTM1 were slightly higher in the case group (29.8%). In addition, each genotype distribution of different genders between the two groups is shown in Table 3 and no differences were significant (P > 0.05).
Correlation analysis of GSTT1 and GSTM1 genotypes
Combined expression of GSTT1 and GSTM1 genes was used to confirm if there was a correlation between GSTT1 and GSTM1 genotypes among the control group. As shown in Table 4 , the correlation analysis result was (х 2 = 0.246, P = 0.620), indicating no association between the two genes.
Genotype frequency distribution in subgroups
Subgroups were established according to the risk factors of ischemic stroke for genotype analysis among subgroups ( Table 5 ).
The proportion of hypertensive stroke patients to hypertensive controls compared with the proportion of normotensive stroke patients to normotensive controls was 2.996 (P < 0.001) when subjects had a GSTT1-null genotype. For the GSTM1-null genotype, the proportion was 3.68 (P < 0.001) when hypertensive (stroke/control) subjects were compared with normotensive (stroke/control) subjects. Similarly, in the diabetes mellitus subgroup, the proportion of diabetic stroke patients to diabetic controls compared with the proportion of non-diabetic stroke patients to non-diabetic controls was 1.86 (P = 0.031) when subjects had a GSTT1-null genotype, and 2.444 (P = 0.002) for diabetes mellitus with a GSTM-null genotype. The proportion was 2.276 (P = 0.003) for smokers with the GSTT1-null genotype. The remaining Chi-squared test was used. GST: Glutathione S-transferase. 
DISCUSSION
As major factors in cardiovascular and cerebrovascular diseases, OS and inflammation are emerging as a unifying mechanism of cardiovascular diseases [15] . OS selectively induces the expression of inflammation-related genes, which is a common mechanism of traditional risk factors leading to AS [16] , implying a close relationship between OS and AS. Under the action of damaging factors, cells release a massive amount of reactive oxygen species, leading to OS. OS promotes the formation and breakage of atherosclerosis plaque and triggers ischemic stroke. Various cellular detoxification systems and defense mechanisms against OS exist in the human body. The intracellular and extracellular redox equilibrium status is adjusted by small molecular antioxidants and antioxidases [17] . GSTs are a super family of polymorphic isozymes that operate in Phase II detoxification and antioxidant function by promoting the combination of glutathione and many kinds of electrophiles and OS products. Glutathione eliminates reactive oxygen species and is transformed into the oxidized form (GSSG). The ratio of glutathione and GSSG has been considered as an index of lipid peroxidation injury. At least eight classes of GSTs exist in the human body (Alpha, Mu, Kappa, Omega, Pi, Sigma, Theta and Zeta) [18] , and each class includes several isoenzymes. Members of the GSTs use various products of OS as substrates to protect cells against oxidative damage [19] . As a result of gene polymorphisms in GSTs, the function of detoxification and the susceptibility to OS damage are different [20] . GSTT1 belongs to the Theta type, and GSTM1 belongs to Mu. GSTT1 and GSTM1 genes are mapped to chromosomes 22q
11.2 and 1p 13.3 , respectively. GSTT1
uses oxidized lipids, and GSTM1 has an affinity for epoxide. Both gene polymorphisms consist of entire gene deletions. Subjects with at least one functional allele for GSTM1 or GSTT1 are grouped into the positive genotypes. The homozygous deletion genotype loses the function of the encoded isozymes and is grouped into the null genotype that increases susceptibility to OS. Previous research shows that the frequencies of GSTT1-and GSTM1-null genotypes vary from 13% to 26% and 42% to 60% in Caucasians, respectively [21] . Another study [22] showed that frequencies of the GSTT1-null (48.6%) and GSTM1-null (59%) genotypes in the normal Chinese population that is not completely similar to the Caucasian population due to regional and racial differences of the included participants. According to a Turkish study [14] , the percentage of GSTT1-and GSTM1-null genotypes were 19.8% and 50.6% in their ischemic stroke group, and 21% and 56.2% in the control group, respectively. Results from the present study revealed that the frequency of the GSTT1-null genotype was 51.1% in the ischemic stroke group and 45.2% in the control group. For the GSTM1-null genotype, the case group (52.7%) had a similar percentage to that of the control group (52.9%). No significant differences were found in the frequency of GSTT1-and GSTM1-null genotypes between the two groups, which was consistent with a previous study [14] . The present study possibly revealed that GSTT1-and GSTM1-null genotypes are not associated with ischemic stroke risk in the Chinese Han population. The differences of genotype distribution between genders were not significant between the two groups and indicated that the ischemic stroke risk between genders was not different between the two groups in the same genotype, because the two genes are mapped to common chromosomes and are not associated with sex-linked inheritance, which is consistent with a previous study [22] . The combined expression of the two genes was detected (Table 4) and interaction analysis results among the various genotypes was determined by a chi-squared test, which indicates that GSTT1 and GSTM1 are mutually independent. This result is consistent with previous research of the normal Chinese population [22] . Subgroup analyses were subsequently conducted according to traditional risk factors. Capoluongo et al [23] observed that GSTM1 (-) increases the risk of hypertension, but no connection was found between GSTT1 (-) and hypertension. According to another study [24] , both GSTT1-and GSTM1-null genotypes might be a genetic factor to predict the development of essential hypertension and permit early therapeutic intervention in the Egyptian population. In the present study, the risk of ischemic stroke was 2.996 times in hypertension subjects with GSTT1 (-), compared with that in non-hypertension subjects with the same genotype. Similarly, hypertension subjects with GSTM1 (-) had a 3.68 times higher risk of stroke than that of non-hypertension subjects with the same genotype. Gene deletion reduces GST activity, and the fact that these patients present lower GST activity might be a susceptibility factor for OS injury. Furthermore, OS might be associated with the occurrence of hypertension [25] , a traditional risk factor for ischemic stroke. This observation indicates that the null genotype possibly leads to hypertension and indirectly increases the risk of ischemic stroke or hypertension together with GSTT1 (-). Moreover, GSTM1 (-) plays a synergistic role in the incidence of ischemic stroke, which is consistent with a related study [14] . Bid et al [26] observed that GSTM1 (-) is a genetic marker to predict the incidence of type 2 diabetes mellitus. Some researches [20, 27] reported that the vGSTT1 genotype reduces the incidence rate of type 2 diabetes mellitus and might be a protective factor. According to another study [28] , GSTT1 (-) and GSTT1 (-)/GSTM1 (-) are independent risk factors of type 2 diabetes mellitus for Japanese people. Results from the present study showed that diabetes mellitus together with GSTT1-and GSTM1-null genotypes showed a 1.86-fold and 2.444-fold increased risk of ischemic stroke, compared with that of non-diabetes mellitus subjects with the same genotype. β-cells are very sensitive to OS damage because they express very few antioxidant enzymes [29] . The null genotype has a decreased capability to detoxify some carcinogens and oxygen metabolites. The accumulation of free radicals raises the OS status and plays a key role in the formation and progression of diabetes mellitus, a risk factor for ischemic stroke, while increasing reactive oxygen species are produced in diabetic patients. This observation indicates that diabetes mellitus with gene deletion potentially increases the risk of ischemic stroke, which is inconsistent with previous research [14] . The reasons might be related to the differences of selected criterion, race and subjects sampled. Endothelial cell dysfunction, which is caused by the accumulation of reactive oxygen species and vascular inflammation, is the cause of cardiovascular diseases [30] [31] . Subjects lacking GSTT1/GSTM1 genotypes have a higher incidence of inflammation and OS compared with those with the genotype present. The association of GSTT1 and GSTM1 gene polymorphisms with cardiovascular diseases has been investigated by some studies [11] [12] [13] . One study [32] demonstrated that smokers with GSTM1 (-) show a 1.5-fold higher risk of cardiovascular diseases, relative to that of smokers with GSTM (+), and a 2-fold higher risk relative to that of non-smokers with GSTM1 (-). Smokers with GSTT1 (+) show a 4-fold increased risk of cardiovascular diseases, compared with that of non-smokers with GSTT1 (+). Masetti et al [33] confirmed that smokers with GSTT1/GSTM1-null genotypes have a 4-fold increased risk of cardiovascular diseases, compared with that of non-smokers with GSTT1/GSTM1 genotypes. In contrast, GSTT1 (-) reduces the incidence rate of atherosclerotic disease [34] . A common pathological foundation (AS) exists in coronary diseases and ischemic stroke. Therefore, in the present study, we compared genotype distribution among subgroups according to smoking history. Compared with non-smokers with a GSTT1-null genotype, the risk of ischemic stroke was 2.276-fold in smokers with the corresponding genotype. This result is not completely consistent with related research [14] . The reasons might due to the differences of race, kinds of cigarette and severity of smoking. The combination of the null genotype and increased OS caused by smoking would result in a high risk of inflammation and injury of endothelial cells, furthermore leading to atherosclerotic diseases. The present study analyzed the correlation between gene polymorphisms of GSTT1 and GSTM1, and ischemic stroke risk in the Chinese Han population for the first time. Results were not consistent with previous research [14] , because of differences in the selection criteria of subjects, region, race, habits and customs of the participants. However, there were also some limitations. We did not assess the genotype frequency of different types of ischemic stroke, which are based on the classification standard of the Trial of Org 10172 in Acute Stroke Treatment, and we failed to analyze the genotype frequency difference between anterior and posterior circulation ischemic stroke. In conclusion, there are no significant differences in the genotype distributions of GSTT1 and GSTM1 between ischemic stroke and control groups in the Chinese Han population. GSTT1-and GSTM1-null genotypes may interact synergistically with hypertension and/or diabetes mellitus to increase the risk of ischemic stroke, and smoking together with the GSTT1-null genotype plays a possible synergistic role in the incidence of ischemic stroke. However, a larger sample investigation is required to confirm these results.
SUBJECTS AND METHODS
Design
A case control study of gene polymorphism.
Time and setting
This study was performed in Qingdao, Shandong province, China, from October 2010 to November 2011.
Subjects
Case group
A total of 315 ischemic stroke patients were selected as the case group, who were admitted to the Department of Neurology, Affiliated Hospital of Qingdao University Medical College from March 2010 to June 2011. Subjects consisted of 204 males, 111 females, aged 66.4 ± 11.6 years. Patients were diagnosed according to the diagnostic standards for cerebrovascular diseases in the Fourth Academic Conference of Cerebrovascular Diseases, issued by the China Medical Association in 1995. Lesions were confirmed by cranial CT or MRI scans. Individuals were excluded based on tumors, autoimmune disease, serious infection, heart valve disease, atrial fibrillation, hematological disease, liver and kidney dysfunction, heart dysfunction, surgery or trauma history in the previous 4 weeks, the type of cerebral infarction resulting from arteritis, aneurism or malformation of the cerebral artery and youth stroke. Cerebral embolism of the heart source was eliminated by cardiac ultrasound and dynamic electrocardiogram.
Control group
The control group (210 subjects) selected from the population of the same region, underwent daily physical examination and consisted of 120 males and 90 females, aged 65.70 ± 12.73 years. Subjects did not have previous transient ischemic attack or an ischemic stroke history and common information was recorded in detail.
Methods
Definition of index
Systolic pressure ≥ 140 mm Hg (18.7 kPa) and/or diastolic pressure ≥ 90 mm Hg (12.0 kPa) or taking drugs were considered as hypertension. The criterion of diabetes mellitus was consistent with the diagnostic standard formulated by the World Health Organization in 1999 [35] . Hyperlipemia agreed with the Cardiovascular Branch of the Chinese Medical Association on the standard for high blood fats [36] . The following criteria were considered for the smoking group: 10 or more cigarettes smoked a day or subjects gave up smoking not surpassing 3 months before admission to hospital. Drinking history: subjects drank wine ≥ 50 g/time at least once a week or stopped drinking not surpassing 3 months.
DNA extraction
Genomic DNA was isolated from elbow vein blood leukocytes by a genomic DNA extraction kit (DP319-01; Tiangen Biotech Co., Ltd., Beijing, China) according to the manufacturer's instructions. The absorbance value was measured by a spectrophotometer to normalize the DNA concentration and calculate the amount of DNA for PCR.
PCR amplification, electrophoresis and genotyping
The region of DNA containing GSTT1 and GSTM1 polymorphisms was amplified by PCR using conditions similar to those of previous reports [14] , except for the annealing temperature (63°C for 45 seconds). According to a previously published report [14] , three pairs of primers were synthesized by Sangon Biotech (Shanghai, China) and are listed in Table 6 . Amplified fragments were detected on 2% agarose gels. The genotype or heterozygous deletion genotype of GSTT1 was detected as a fragment of 459 bp, and for GSTM1, as a fragment of 219 bp. As an internal control, CYP1A1 exon7 was detected as a fragment of 312 bp. When GSTT1 or GSTM1 was the homozygous deletion genotype, no corresponding electrophoretic bands appeared. As a result of no PCR products, routine sequencing technology could not test the sequences of homozygous deletion genotypes. Samples with the genotypes present were selected to test (performed by Sangon Biotech of Shanghai, China) and the amplified DNA fragment was consistent with the sequence found in the National Center of Biotechnology Information (NCBI, http://www.ncbi.nlm.nih.gov/pubmed/).
The sequences are as follows: GSTT1 (459 bp):  TTC CTT AAC TGT CCT CAC ATC TCC TTA GCT GAC  CTC GTA GCC ATC ACG GAG CTG ATG CAT GTG AGT  GCT GTG GGC AGG TGA ACC CAC TAG GCA GGG  GGC CCT GGC TAG TTG CTG AAG TCC TGC TTA  TGC TGC CAC ACC GGG CTA TGG CAC TGT GCT  TAA GTG TGT GTG CAA ACA CCT CCT GGA GAT CTG  TGG TCC CCA AAT CAG ATG CTG CCC ATC CCT  GCC CTC ACA ACC ATC CAT CCC CAG TCT GTA CCC  TTT TCC CCA CAG CCC GTG GGT GCT GGC TGC  CAA GTC TTC GAA GGC CGA CCC AAG CTG GCC  ACA TGG CGG CAG CGC GTG GAG GCA GCA GTG   Table 6 Nucleotide sequences of the three primer pairs GGG GAG GAC CTC TTC CAG GAG GCC CAT GAG  GTC ATT CTG AAG GCC AAG GAC TTC CCA CCT  GCA GAC CCC ACC ATA AAG CAG AAG CTG ATG  CCC TGG GTG CTG GCC ATG ATC CGG TGA  GSTM1 (219 bp):  GAA CTC CCT GAA AAG CTA AAG CTC TAC TCA GAG  TTT CTG GGG AAG CGG CCA TGG TTT GCA GGA  AAC AAG GTA AAG GAG GAG TGA TAT GGG GAA  TGA GAT CTG TTT TGC TTC ACG TGT TAT GGA GGT  TCC 
